Abstract This study investigated the bathing conditions of elderly Japanese, and sought to find factors relating to regional differences in death rates from bathtub accidents. A questionnaire survey was carried out in 11 areas of Japan. Questionnaires including questions regarding the length of time since houses had been built, types of facilities, and subjects' indoor thermal sensations and behavior while bathing were distributed to detached houses in each area twice, once in summer and once in winter. Completed questionnaires were collected from approximately 160 elderly people over 65 years old. Information regarding thermal sensations of rooms in winter revealed that a prefabricated bath and insulating window glass eased the cold in the bathroom. Unexpectedly, more subjects in the southern region than in the northern region reported being cold or a little cold while bathing in winter. In the present study, thermal sensations and behaviors while bathing seemed to be more affected by facilities and the location of houses than by the sex and age of the subjects.
Introduction
Although most Japanese enjoy bathing, it is generally known that many accidents occur when people take baths. Extrapolating from the statistics in Tokyo, incidents of sudden death around the bathtub at home may amount to approximately 14000 per year in Japan (Takahashi, 2004) . This means that the number of sudden deaths in the bathroom exceeds that by traffic accidents. Yasuhara (2000) examined cases of death while bathing in Tokyo, and showed that people over 65 years old comprised 80 percent of the whole. There is a similar high rate of fatal bathtub accidents for elderly persons in the United States (Bundnick and Ross, 1985; O'Carroll et al., 1988; Quan and Cummings, 2005) . It is possible that the rate of sudden death while bathing in Japan will increase because of the country's rapid demographic shift to an aging society.
The usual Japanese method of bathing is to immerse the body to the neck in hot water, even though many people take showers, especially in summer. Fatal bathtub accidents may be attributable to heat stress by water, which has high heat conductivity, to cold stress outside the bathtub in winter, to hydrostatic pressure, and so on. It is especially important to avoid a cold environment in the dressing room and bathroom. Tochihara (1999) described how, in cold environments, the blood pressure of the elderly increases more rapidly than that of young people, and that there is a lower sensitivity to cold among the elderly.
Meanwhile, it is known that there are regional differences in the numbers of bathtub drowning deaths in Japan. Vital statistics show that there are some prefectures with consistently lower or higher death rates of such bathtub accidents. Thermal environment and behavior while bathing may influence these regional differences. The purpose of this study was to compare bathing conditions in each area of Japan in order to identify factors affecting the regional difference in the death rate from bathtub accidents.
Methods
Questionnaire surveys were carried out twice in summer and winter in 11 areas of Japan: Sapporo, Akita, Sendai, northern and southern Chiba, Shizuoka, Toyama, Osaka, Hiroshima, Fukuoka, and Kagoshima. Questionnaires were distributed to approximately 30 detached houses in each area. Subjects were asked about the number of years since their house was built,
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Regarding the environmental conditions of bathing, answers to the questionnaire were analyzed from the viewpoints of the age of the houses and regional differences. The houses were classified into two groups, "new" and "old," i.e., less than or more than ten years since construction. Regional differences were analyzed by comparing questionnaire answers from the northern and southern areas of Japan, since air temperature seems to have an effect on indoor thermal conditions and behaviors during bathing. The boundary between the two areas was set to be 15 degrees centigrade as annual mean air temperature. The northern areas had annual mean temperatures lower than 15°C, and included the areas of Sapporo, Akita, Sendai, and Toyama. The southern areas had annual mean temperatures higher than 15°C, and included the areas of Chiba, Shizuoka, Osaka, Hiroshima, Fukuoka, and Kagoshima. Furthermore, behaviors during bathing were also investigated in the subjects over 65 years old from the viewpoints of the age of the houses, regional differences, the sex and age of the subjects, and seasons.
Frequency distributions between groups were compared statistically using the chi-square test, and the significance level was set at 5%. Additionally, in order to investigate the relationships of the death rate with climatic and demographic data, multiple regression analysis was employed. Table 1 shows the percentages of different types of house structure and facilities by house age, i.e., the length of time since house construction, and by region. As for the house structure, there was no difference between new and old houses or between the northern and southern areas. Most houses in Japan are still made of wood. In terms of facilities, the houses that were new and located in the northern areas had a larger percentage of prefabricated baths. This type of bath is heatretaining and is called a "unit bath" in Japan. The northern areas also had a larger percentage of double or layered window glass in the bathroom. The bathtub style in most old houses was Japanese or half-Japanese, but half of the bathtubs in new houses were Western style.
Results and Discussion
Sex and age differences in thermal sensations and bathing behavior were investigated. The results are shown in Tables 2  and 3 . Sex differences were found only in the order of bathing in the household. Seventy to eighty percent of male subjects were accustomed to bathing first. Old men had a tendency to take a bath prior to other members in the family. In addition, the conventional dominance of men over women may still remain in Japan. Subjects of both sexes were divided into two groups according to their age, that is, "young old," from 65 to 74 years old, and "old old," over 75 years. There was no age difference in thermal sensations or bathing behaviors between the two age groups in either summer or winter.
Thermal sensations of rooms in winter were investigated according to house facilities, inclusive of both sexes and the two age groups (Table 4) . Although it was natural that having a heater in the bathroom made subjects feel less cold in winter, prefabricated baths and insulating window glass also eased cold sensations. It is thought that such facilities raise heat retention and insulation both in the anteroom where clothes are taken off and put on, and in the bathroom. Table 5 shows thermal sensations and bathing behavior for subjects in each region. Thermal sensation was significantly different between the regions in winter. Unexpectedly, more subjects in the southern group than in the northern group reported being cold or a little cold in the anteroom in winter. This result may be partly because of cold acclimatization in northern subjects and partly because their house structures and facilities are adapted to a more severe climate. Frequency of bathing was lower for the northern group; notably, in winter, fewer than half of the northern subjects took a bath every day. Although answers to the questionnaire were subjective and dependent on their feelings, the length of time in the bathtub was shorter for the southern group in summer, and water temperature in the bathtub seemed to be hotter for the northern group in summer. As indicated in Tables 2 to 5 , it seems that the differences in thermal sensations and behaviors while bathing are more affected by house facilities and region than by physical characteristics of the subjects such as sex and age. Seasonal differences in subjects' thermal sensations and bathing behaviors were also examined, inclusive of both regions (Table 6 ). Large seasonal differences were found in thermal sensations in the anteroom and the bathroom. Many subjects felt cold or a little cold while bathing in winter. Concerning the frequency of bathing, the percentage of subjects taking a bath every day decreased from 84 to 64 in winter. Duration of bathing in winter was prolonged, and most of the subjects preferred immersing themselves in the bathtub. Thus, thermal environments and behavior while bathing differ according to season, and more severe conditions are introduced by the winter cold. In particular, the naked body is exposed to acute cold stress, which may occasionally be responsible for cardiovascular dysfunction or fatal bathtub accidents.
On the other hand, the relationships of the death rate from bathtub accidents with latitude, annual mean air temperature, and the rate of elderly population (persons 65 years old and over) for each area were analyzed using secondary materials in 2003 (Health and Welfare Statistics Association, 2004; National Astronomical Observatory of Japan, 2004) . The results of multiple regression analysis are shown in Table 7 . Latitude has a relatively close relationship with the death rate from bathtub accidents. Annual mean air temperature and the rate of elderly population have relationships with the death rate to the same extent. These relationships suggest that the death rate is high in the northern areas where people are exposed to severely cold environments. However, as shown in responses to the questionnaire in this study, facilities such as a prefabricated bath and thermal insulating window glass that maintain a mild environment in the bathroom are fairly common in the northern areas. Furthermore, subjects in the northern group felt less cold while bathing than those in the southern group. These results complicate the factors affecting the death rate from bathtub accidents. It is possible that behavioral factors such as frequency of bathing, the length of time in the bathtub, and water temperature are also associated with the difference in the death rate between the northern and the southern areas. Areas observed in the present study were classified roughly into northern and southern groups, but there were several large differences in bathtub accident death rates between adjacent prefectures even in the same regional group. This made it difficult to clarify the cause of the regional differences in the death rate from the viewpoint of thermal environmental factors only. In this context, the obscurity of the diagnostic criteria for fatal bathtub accidents has been pointed out by several investigators. Kurosaki et al. (2002) suggested that sudden deaths in the bathroom were variously diagnosed as internal or external causes and that the diagnoses depended on individual physicians. Statistics of fatal bathtub accidents include death from an external cause like drowning, but exclude sudden death from internal causes diagnosed as cardiovascular attacks. Yoshioka et al. (1998) also investigated the samples that were regarded as sudden death in the bathroom, and showed that there were large differences in the cause of death among prefectures. Consequently, in order to draw more solid conclusions about regional differences in bathtub accident death rates, it is necessary to establish criteria for the diagnosis of sudden death in the bathroom and to accumulate data based on objective evidence.
